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ABSTRACT 
Robotic systems have vastly improved in recent history, but even sim­
ple autonomous systems seem out of reach once one becomes immersed in the 
sheer computational complexity involved in performing tasks as simple as 
navigating a hallway. 
This project is an attempt to advance the reach of a robotic system to 
the level of a simple cockroach. Although this may not seem complicated on 
the surface, cockroaches can perform some amazing feats. For example, they 
can run across uneven terrain, navigate, obstacles, support their entire body 
weight on one leg, find sustenance autonomously, and repair themselves. 
These are- functions that modern robotic systems try to replicate without sig­
nificant success. 
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CHAPTER I. 
INTRODUCTION 
This project is another in a continuing series of walking machines de­
veloped in the Advanced Digital Systems Laboratory (see [1], [2], and [3]). 
The distinguishing factor that sets this robotic system apart from the others 
is the amount of biological emulation I am performing. The robot itself has 
all the proportions of a biologic entity (in this case a Madagascar Hissing 
Cockroach) along with control structures derived from the biology of the crea­
ture. 
This next generation in walking machines also utilizes a new, more 
powerful microcontroller, and is much smaller and compact both in physical 
size and the pneumatic system components. I have also added joint feedback 
for improved control and performance. 
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CHAPTER II. 
BACKGROUND 
In this chapter I will describe the basis for my project and the reason­
ing behind my approach, detailing the pertinent biological evidence and data 
used in the construction of the prototype walking machine. 
A. Why Follow Biology?
Why should we emulate biology? Biologic systems have been around 
for millions of years evolving into very efficient and highly adapted struc­
tures; for an entity to survive it must have been the best at doing what it did. 
Thus when thinking about creating a walking machine, I looked to nature to 
find a good candidate to mimic. This candidate turned out to be a cockroach. 
The cockroach is a good specimen for many reasons. First, it is very 
good at running across uneven terrain, which is a major concern for walking 
robotic systems. Next, it has one of the highest scale speeds of any animal on 
the planet, which indicates a walking system optimized for speed (this is also 
the organism's main defensive strategy, which anyone with experience with 
the creatures would tell you -- they are nearly impossible to catch). Speed is 
another important factor in the fabrication of walking machines; most im­
plemented systems operate at speeds measured in inches per hour. Finally, 
there is a significant amount of neurological data available on the cockroach, 
because it has a fairly simple nervous system (see [4]-[8]). These biologic 
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data are readily adaptable to an implementation in a microcontroller 
(hardware and software) system. All of these facts add up to an ideal subject 
for emulating in a robotic system. 
The biologic evidence also shows that cockroaches utilize local control 
structures in their nervous system for walking (see [4] and [5]). That is, they 
have neural networks in each leg which control that leg's walking pattern 
and an overall neural network that synchronizes the other networks to create 
the walking pattern. This layout is ideally suited to a distributed processing 
approach with a processor for each leg (simulating that leg's neural network) 
and another processor generating the overall walking pattern. This overall 
walking pattern generator is called a central pattern generator (see [6] and 
[7]). 
This highly independent distributed processing allows for a nearly lin­
ear speedup in development as well as in performance. Thus, using seven 
processors to control the walking machine enables the task to be completed in 
about one-seventh the time needed when utilizing only one processor. Also, 
this speedup does not cost much in terms of software support because in the 
hierarchy, the algorithms are virtually independent. 
B. Walking Pattern
Figure 1 illustrates the walking pattern of a cockroach generated by 
the Central Pattern Generator (CPG). This gait is commonly referred to as a 
tripod gait because three legs are always on the ground forming a tripod. 
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This gait's main advantage is that it is very stable - the cockroach could stop 
at any point in the movement and be perfectly balanced. This gait can also 
be maintained at high speeds. It has been observed that each joint of the 
cockroach leg follows a sinusoidal trajectory. For these reasons, this is the 
gait I used when selecting the neural network as the basis for the walking 
machine. 
L3 
L2 
Ll 
Rl 
R2 
R3 
Time 
L3 L2 Ll 
R3 R2 
Leg on ground 
Figure 1. Cockroach Tripod Gate. Adapted from [5]. 
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C. Biology-Based Neural Networks
Biology-based neural networks differ from artificial neural networks in 
several important ways. First, they are not fully connected; that is, each 
node is not connected to every other node, but only to a specific subset of 
nodes. This differs greatly from the common implementations of neural net­
works in computer science (see [91). Next, they are derived directly from neu­
rological data taken from a live biologic entity. Also, the networks I designed 
are pulsed; that is, they pass pulse trains along the connections instead of a 
numeric value. These pulse trains are also similar to biologic systems, since 
they mimic the same type of signal passed from one nerve cell to another (see 
[10]). 
There are several advantages to using pulsed neural networks. First, 
the pulse trains can be used to directly drive the valves and thus move the 
legs. Next, the pulse trains are a convenient method of abstracting sensor 
data - many types of sensory data can easily be transformed into a pulse 
train and then applied directly to the neural networks. Finally, the trans­
formation of sensory data to pulse trains can be achieved using inexpensive 
external hardware, thus freeing up CPU time on the microcontrollers for 
more important tasks. 
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Figure 2. Central Pattern Generator for the Walking Pattern. 
Figure 2 shows the cockroach neural network that generates its walk-
ing pattern. Each neuron in this network is also the Flexor Burst Generator 
of the corresponding leg neural network; thus, when it is excited (or rather 
not inhibited) it excites the leg neural network. That is, when the set of neu-
rans labeled A is excited they fire the leg neural networks on the right front, 
right rear, and left middle legs. This generates one of the tripods utilized in 
the tripod gait depicted in Figure 1. When one tripod set of legs is active, it 
inhibits the other set until it stabilizes; then, the other set begins moving 
(and thus inhibiting the first set). This oscillatory pattern creates the tripod 
gait. 
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Figure 3. Leg Neural Network. 
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Figure 3 illustrates the leg neural network that is driven by the cen-
tral pattern generator. This network consists of three neurons that are com-
bined to form an oscillatory pattern which drives the extensor and retractor 
of a muscle pair in a sinusoidal pattern. Or equivalently, it is the same as 
driving a cylinder in and out in a sinusoidal pattern. Thus three of these 
networks are needed for each leg - one for each joint. 
The Flexor Burst Generator is a special type of neuron that fires on its 
own without external excitation. This type of neuron is known as a tonic 
neuron. Tonic neurons can still be inhibited and excited by other neurons in 
the normal manner -- they just spontaneously fire when left alone. The 
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Flexor Burst Generators for each leg are the neurons in the network depicted 
in Figure 2. 
The Hair Receptors and Cuticle Stress Receptors in Figure 3 are ex-
ternal sensors in the cockroach which limit the extent of movement by the 
leg. The Hair Receptors are attached to hairs on the leg that sense when 
they are pressing against a surface, and the Cuticle Stress Receptors are 
strain gaugelike structures that also sense when the leg is nearing the end of 
its movement. Thus these two types of sensors cooperate to enable the leg to 
move as far as possible in a given direction. (In my implementation a poten-
tiometer in each joint simulates the HRs and CSRs.) Thus the combination 
of these sensors and neurons generates a sinusoidal rYPe movement of the leg 
l 
that confines itself to the physical range ofmovemei;t of the leg. 
i 
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CHAPTER Ill, 
HARDWARE 
This chapter contains a description of the different hardware compo­
nents that make up the various parts of the prototype walking machine I de­
signed and built. The microcontrollers, legs, sensors, 1/0 board, and cables 
are all detailed along with documentation on their implementations. 
A. Microcontrollers
The microcontrollers are the brains behind the machine. That is, they 
emulate the neural networks that control the whole system. For this part of 
the prototype, I chose to use the 68332 Business Card Computer (BCC) from 
Motorola. There are several advantages to using this microcontroller. First 
and foremost, the 68332 comes with a separate Central Processing Unit 
(CPU) and Time Processing Unit (TPU); this enabled me to maintain the 
strict timing restraints for reading the feedback potentiometers and for 
driving the air valves, while still performing the complex computations nec­
essary to emulate the biological neural networks for controlling the robot. 
The next best features are its size and packaging -- it comes on a small board 
(2.25 in by 3.875 in) containing all of the necessary external chips (RS232 
driver, crystal, etc.) to run the microcontroller, including a significant amount 
of RAM (32K by 16 bit) for program and variable space. 
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A list of some of the other features of the BCC [11] follows: 
•background mode interface port
•powerful instruction set, code compatible with MC68010
•32-bit central processor unit (CPU32)
•flexible addressing modes
•full interrupt processing
•direct access to the data and address lines
•debugging environment in ROM
Figures 4 and 5 show a block diagram of the microcontroller and the 
pin outputs of the connectors on the BCC. 
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Figure 4. Microcontroller Block Diagram. Adapted from [11]. 
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Figure 5, Microcontroller Connector Pin Outputs. Adapted from (11]. 
B, Legs 
The next most important part of the hardware design was the leg de-
sign. Figures 6 and 7 give an overall view of the leg assembly including some 
wiring and the pneumatic tubing. 
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Figure 6. Rear View of Leg Assembly. 
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Figure 7. Side View of Leg Assembly. 
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I constructed the legs from high carbon aluminum (6130) square tub-
ing. This choice of material gives high strength with a low weight --ideal for 
this application. I then added potentiometers for joint feedback; the potenti-
ometers also doubled as the axis of rotation for the joints. Air cylinders on 
each joint enabled the movement of the leg. Note that the first segment has 
two cylinders; the second one was added to aid in the movement of the entire 
leg (the air hoses were connected together so that no additional valves were 
required). 
___ ,
�@I@ 
� 
Ql 
Figure 8. Close-up of Joint Assembly. 
The joints consist of thrust bearings and shaft collars, which create a 
low friction angular joint that can tolerate a fair amount of off-axis torque as 
shown in Figure 8. The legs also contain the mounting hardware for the air 
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cylinders. Table 1 gives the leg proportions and mounting angles used to ere-
ate the walking machine. These proportions were taken from direct meas-
urements of a Madagascar Hissing Cockroach. 
Table 1. Leg Proportions on the Walking Machine. 
Rear Leg Middle Leg Front Leg 
2 
2 
3 
3 3 
4 4 
4 
Front Middle 
1.0 1.0 
0.9 1.0 
0.9 1.2 
0.5 0.9 
120° 135° 170°
Fignre 9 is an orthographic projection of the base plate upon which all 
of the parts of the robot are mounted. The main features that can be seen are 
the mounting placement and angles for the legs, the mounting holes for each 
of the three manifolds of the pneumatic system, and the space at the rear of 
the robot where the electronic components are mounted. 
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Table 2. Leg Segment Layouts (dimensions in inches). 
J 
F
T
JP Cd ... Ji,JDEF-: 
i,{) +� )}
...._ _ ______, --------· 
1.6 
1.6 
0.3 NIA 5.0 
1.8 2.0 6.3 
1.9 1.6 6.6 
NIA 1.5 5.0 
0.2 NIA 5.0 
2.4 2.0 6.85 
3.0 1.6 7.75 
NIA 1.3 6.6 
0.75 
0 
0 
NIA 
0.75 
0 
0 
NIA 
0.75 
0 
0 
. ' .,.._ 
Hi ;, 
-,--1 
i ' 
.L. ,'  ·�c-, 
'. --� - .. ..J 
NIA 
0.2 
NIA 
NIA 
NIA 
0.2 
NIA 
NIA 
Table 2 is the list of the specific dimensions for each leg segment. NIA
stands for Not Applicable; this appears in the table because not all of the 
holes in the diagram occur on all of the segments. The holes dimensioned by 
E only appear on segment 1 because of the cylinder pair used for this joint 
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(the rest of the joints only use a single cylinder - see Figures 6 and 7 pp. 12 
and 13). 
C. Feedback and Sensors
Currently the only feedback in the system is generated by the joint po­
tentiometers. While these sensors provide enough information for the walk­
ing algorithms to work, additional sensors can be added to improve the effi­
ciency and performance of the robot. 
D. I/0 Boards and Cabling
Figure 10 is a layout for the I/0 board of the robot. It modifies the in­
puts from the potentiometers in the joints of the leg (see Figure 11 on p. 21) 
so that they can be tied directly into the neural network, i.e., the resistance 
value is converted into a pulse train. The board also contains the driver cir­
cuitry that allows the microcontrollers to drive the solenoids in the valves 
(see Figure 12 on p. 21). Finally, the board also contains the connectors to tie 
the whole system together (see Tables 3 - 6 on pp. 20 - 26). 
The potentiometer inputs come from the legs through a DB9 connector 
into the l/0 board. There is one of these connectors per leg, and this connec­
tor contains each of the leads for each potentiometer in the leg. Once on the 
I/0 board, the potentiometer signals are used to drive the pulse generator cir­
cuits. This translates the angular measurement of the potentioineter (the 
larger the resistance, the larger the angle between the joints) into a pulse. 
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train, such that, as the angle between the segments in the joint increases, the 
frequency of the pulse train is reduced (the larger the angle, the less pulses 
per second). These pulses are fed directly into the TPU inputs on the micro-
controllers, which interpret them as inputs to the neural network. 
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Figure 10. I/0 Board Layout.
The pulse generator circuit creates the pulse train by using two daisy 
chained one-shots (see Figure 11). The first one-shot creates the delay be-
tween the pulses; thus, the leg joint potentiometer is used to vary the time 
constant for this one-shot. The second one-shot creates the 10 ms pulse itself 
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(the trim potentiometers on the I/0 board are used to tweak this one-shot's 
time constant to achieve the 10 ms pulse). 
Table 3. DB9 Connector Pin Outputs. 
0 
Green 
White 
White 
Red 
Black 
Black 
Brown 
1 2 3 4 5 
00000 
0000 
\ 6 7 8 9 
'-������-' 
+5V Purple 
+5V Blue 
Thigh Pot Black 
+5V White 
+5V Red 
Ankle Pot Gray 
+5V Brown 
+5V Green 
Knee Pot Yellow 
0 
Knee Pot Middle 
Knee Pot Right 
Thigh Pot Left 
Thigh Pot Middle 
Thigh Pot Right 
Knee Pot Left 
Ankle Pot Right 
Ankle Pot Middle 
Ankle Pot Left 
After these pulse trains are fed into the neural network and processed, 
the network outputs the air cylinder driving pulse trains via the TPU outputs 
on the 1/0 board. These TPU outputs are then fed into the driver circuitry so 
that they can drive the 12 V solenoid inputs in the valves. This extra driver 
circuitry is needed so that the TPU outputs can sink enough current to turn 
on the valves. 
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Figure 11. Pulse Generator Schematic. 
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Figure 12. Valve Solenoid Schematic. 
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The driver circuitry is simply a 2N2222 transistor sinking the current 
through the solenoid in the valve as seen in Figure 12. This circuit may ap-
pear to generate a short circuit between power and ground, but this is incor-
rect because the solenoids in the valves have an intrinsic resistance so they 
will only draw the current they need to turn on. 
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The outputs of the driver circuitry go through a compact DB15 connec-
tor to the connectors on the valves themselves (see Table 4). Thus the pulse 
trains are used to determine directly the amount of air allowed into the cyl-
inders that move the legs. 
Table 4. Compact DB15 Connector Pin Outputs. 
0 
1 2 3 4 5 
(000001 
\� 0 0 0 0 0/10
eoooo
) 
0 
11 12 13 14 15 
TPU2-3 
Brown TPU2-4 Peach 
NC NC Orange 
Black TPU2-5 Yellow 
Red TPU2-6 Cyan 
Black TPUl-5 Green 
NC NC Light Blue 
Red TPUl-6 Dark Blue 
Blue TPU2-l NC 
Green TPU2-2 Purple 
NC NC Brown 
Blue TPUl-1 Gray 
Green TPUl-2 White 
White TPUl-3 Black 
Brown TPUl-4 White with 
Black Stri e 
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R6 
R5 
NC 
R4 
R3 
R2 
Rl 
L6 
NC 
L5 
L4 
LS 
L2 
Ll 
NC 
E. Why Pneumatics?
Pneumatics may appear to be an unwise· choice for controlling the 
movements in a walking robotic system because of the inherent springiness 
and non-linear control. But actually, it is exactly these "problems" that make 
pneumatics ideal for emulating a biologic system. For example, if you walk
up to someone and push them they do not just tip over and fall - they have 
some give and springiness. Whereas most robotic systems using hydraulics 
or electric motors are very rigid, my system is non-linear and better able to
react to external forces, like the person who was pushed. 
Also pneumatic pistons can be made to react quite similarly to a bio­
logical muscle. Each piston in the leg is treated as a muscle pair. In a bio­
logical system, muscles continuously receive neuron pulses to actuate the 
muscle; it is the difference in excitation rates to a flexor and extensor muscle 
pair that determines the movement of the pair. This effect can be emulated 
by pulsing the air flow into both sides of the piston and the differential pres­
sure causes the movement. 
I have obtained this effect by pulsing the high speed pneumatic valves 
with the waveforms from the neural network in a similar manner. Using this 
arrangement another important biologic feature was maintained: variable 
compliance. Variable compliance is not only the ability to hold a position of a 
leg, but also to have varying stjffness at that position from very soft to rigid.
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Figure 13. Pneumatic Manifold Connections. 
Figure 13 shows the connections in the pneumatic system on my robot. 
The picture shows the connections for one of the three manifolds in the sys-
tern. Each manifold drives a pair of legs through the use of twelve valves. 
Table 4 shows the connections to these valves by labeling them L for left and 
R for right and numbering them from top to bottom, e.g., R3 is the third valve 
down on the right-hand side. 
F. Future Additions
There should be several future additions to the hardware of this sys-
tern to improve performance and make the robot more efficient. To begin, 
foot pads can be added to each leg so that feedback on whether the leg is on 
the ground or not can be added to the algorithms 1 thus improving the per-
formance of the robot over uneven terrain. 
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Recent studies have shown the importance of strain gauges to the 
walking process [8]. Thus, strain gauges should be added in the near future 
to improve the performance of the walking 8.lgorithm. There is plenty of 
built-in expansion space in the hardware to allow these to be added easily. 
Table 5. Leg Controller TPU Connector Pin Outputs. 
1 3 
I : 0 0 
2 4 
5 
0 
0 
6 
7 9 
0 0 
D O 
8 10 
Green 
White 
Brown 
Black 
Red 
Blue 
Green 
White 
Brown 
11 13 
0 0 
0 0 
12 14 
15 
: I 
16 
Output to Thigh Valve 1 
Output to Thigh Valve 2 
Output to Knee Valve 1 
Output to Knee Valve 2 
Output to Ankle Valve 1 
Output to Ankle Valve 2 
Input from Thigh Pot 
Input from Knee Pot 
Input from Ankle Pot 
Input from Walking CPG 
For Future Expansion 
For Future Expansion 
For Future Expansion 
For Future Expansion 
For Future Expansion 
For Future Ex ansion 
Finally, the long term goal of this family of projects is to generate a 
completely autonomous robot. The system developed in this thesis is almost 
autonomous - it has an umbilical cord attached for power supplies �nd the 
25 
air supply. The power supply could easily be replaced by a battery on the ro-
bot itself, but the air supply is a bit more difficult to add. The entire robot 
would have to be enlarged to add the compressor and tank (and probably an-
other battery to run the compressor), but this leads to increased air flow re-
quirements, which, in turn, requires a larger compressor, which would need a 
Table 6. Walking Pattern TPU Connector Pin Outputs. 
1 3 5 7 9 11 13 15 
0 0 0 0 0 D D D 
O D O D D D D O 
2 4 6 8 10 12 14 16 
Green 
White 
Brown 
Black 
Red 
Output to TPU Connector 1 
Output to TPU Connector 2 
Output to TPU Connector 3 
Output to TPU Connector 4 
Output to TPU Connector 5 
Output to TPU Connector 6 
For Future Expansion 
For Future Expansion 
For Future Expansion 
For Future Expansion 
For Future Expansion 
For Future Expansion 
For Future Expansion 
For Future Expansion 
For Future Expansion 
For Future Ex ansion 
larger area on the robot. Hopefully this cycle would quickly converge, but the 
robot would still have to be quite large to achieve this. 
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CHAPTER IV. 
SOFTWARE 
This section details the software system developed to control the proto­
type walking machine. 
A. Algorithms
The neural networks are each simulated in assembly language on the 
68332 Business Card Computers (BCC) (see Figures 2 and 3). The network is 
distributed across processors by having separate leg movement neural net­
works and a central walking pattern generator. The leg algorithm is dupli­
cated on six separate 68332 BCC's - one for each leg, and the central walking 
pattern generator is executed on a seventh 68332 BCC that is interconnected 
to the other six. 
On each processor, the nodes in the neural network are updated seri­
ally, but quickly enough so that the overall network is pulsing at least at 
biological speeds. 
B. TPU Issues
The TPU on the 68332 BCC is used extensively in this system. It en­
ables each of the BCCs to perform the necessary computation to simulate the 
neural networks, while still maintaining the stringent input and output de-
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mands for creating the waveforms to drive the cylinders and for reading the 
input waveforms back from the joint potentiometers. 
C. Future Additions
The approach I took to the software was a multilevel, multialgorithm 
series. This approach involves beginning with the most basic algorithm to 
get the job done and then replacing it with new ones that are closer to the ob­
served biology. I chose to do this so that I would have a baseline for compari­
son to judge the effectiveness of the more biologically intensive algorithms. 
Therefore, to continue the exploration on this system, more biologically 
intensive algorithms may be added into the existing structure. Possibilities 
include higher level modeling of neurons, higher level simulation of the neu­
ral networks, creating adaptive learning algorithms (so the cockroach can 
learn to walk on its own), and adding higher level behaviors such as gradient 
navigation (move away from light or towards food). 
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CHAPTER V. 
POSSIBLE APPLICATIONS AND FUTURE WORK 
Wheels or tracks are not well-suited to all types of environments; 
therefore, a walking machine would be perfect for those situations where 
wheels or tracks will not function correctly or adequately. Several applica­
tions spring to mind immediately, such as space exploration -- navigating the 
rocky terrain of Mars or the moon1 volcanic exploration -- similar to the 
Dante series of robots from NASA, a leg-barrow for use at construction sites, 
or for toxic or hazardous waste cleanup. 
First of all, future algorithms should be developed for this robotic plat­
form. An adaptive walking algorithm could be designed and built to save 
time tweaking the networks to get them to work. An adaptive algorithm is 
self-adjusting-turn on the robot and it learns to walk on its own. 
Additional sensors can be added to improve the walking performance. 
For example, strain gauges should be added as research has shown these to 
be important in the biological world (see [7]). Also antenna sensors can be 
added to achieve more complex behaviors. 
With additional sensors the robot could easily perform gradient navi­
gation behaviors such as moving toward food and moving away from light. 
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APPENDIX 
SOFTWARE LISTING 
This section lists the software designed to move the robot. 
* 2best.asm
even 
org $5000 
tpumcr EQU $fffe00 ; TPU config reg 
tier EQU $fffe08 ; TPU int control reg 
cier EQU $fffe0a ; channel int enable reg 
cfsr3 EQU $fffe12 ; chan func select reg 3 
hsqrl EQU $fffe16 ; host seq reg 1 
hsrrl EQU $fffela ; host ser req reg 1 
cprl EQU $fffele ; chan priority reg 1 
chOparO EQU $ffffil0 ; channel O params 
chOparl EQU $ffffil2 
ch0par2 EQU $ffffil4 
ch0par3 EQU $ffff1l6 
ch0par4 EQU $ffffil8 
ch0par5 EQU $ffffila 
chlparO EQU $ffffl0 ; channel I params 
chlparl EQU $ffff12 
chlpar2 EQU $ffffl4 
chlpar3 EQU $ffff16 
chlpar4 EQU $ffff18 
chlpar5 EQU $ffffla 
ch2par0 EQU $ffff20 ; channel 2 params 
ch2parl EQU $ffff22 
ch2par2 EQU $ffff24 
ch2par3 EQU $ffff26 
ch2par4 EQU $ffff28 
ch2par5 EQU $ffff2a 
syn er EQU $fffa04 
writdln EQU $0025 
* Init TPU config reg and TPU Int Control reg to set up for
* interrupts from TPU and for fast clock
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move.w #$60ce,(tpumcr).l 
move.w #$0640,(ticr).l TPU int level 6, vectors $4x 
*setup clock freq
* move.w #$3£80,(syncr).l ; divide clock by 16
* enable ints on chan 0,1 and 2 by setting bits in chan int enable reg
move.w #$0000,(cier).l ; enable in.ts for ch 0&1 
* choose itc for chan O and PWM for chan I and 2
move.w #$099a,(cfsr3).l 
* set host sequence reg 1 bits
move.w #$0001,(hsqrl).l ; no-links, cont mode 
* choose opts for ch O by writing to host seq reg
move.w #$0007,(chOparO).l 
move.w #$00fe,(ch0parl).l 
move.w #$000f,(ch0par2).l 
; capture tcrl on rising edge 
; bank addr pointed to nonexistent adclr 
; maxcount =0 for ch O 
* set up parameters for channel 1
move.w #$0092,(chlparO).l 
move.w #$000f,(chlpar2).l 
move.w #$001e,(chlpar3).l 
; match TORI, initialize pin high 
; high time= $OOOfTCR1 tics 
; period= $001e TCRl tics 
* set up parameters for channel 2
move.w #$0092,(ch2par0).l 
move.w #$000f,(ch2par2).l 
move.w #$001e,(ch2par3).l 
; match tcrl, init pin high 
; high time= ftcrl tics 
; period= le tcrl tics 
* request service to init ch 1 and O by writing to HSR
move.w #$0029,(hsrrl).l ; HSR requests to init ch 0,1 and 2 
* assign priorities for chan 0,1 and 2 by writing to chan priority reg
* 
move.w #$003e,(cprl).I ; chO = middle priority (%10) 
; chl = high priority (%11) 
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* 
andi.w #$FOFF,sr 
ori.w #$0500,sr 
; ch2 = high 
;allow ints of level 6 and up 
* make sure chanl and O have been init before contin (not nee)
move.w #$lf00,(chlpar2).1 
move.w #$3e00,(chlpar3).1 
move.w #$0f00,(ch2par2).I 
move.w #$3e00,(ch2par3).I 
loopit: 
move.w #$0001,(hsrrl).1 ; reinitialize chO 
move.w (ch0par5).1,DO 
cmp1 #$0f00,DO ; in all the way? 0200 
hie goout 
cmp1 #$f000,DO ; out all the way? rooo
hie loopit 
move.w #$0f00,(chlpar2).I 
move.w #$2200,(ch2par2).J 
bra loo pit 
goout: 
move.w #$2200,(chlpar2).I 
move.w #$0f00,(ch2par2).l 
bra loopit 
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